In order to further elucidate the relationships in the Salix genus, phylogenetic ana lysis was conducted based on comparison of the nucleotide sequences of the chlo roplast DNA regions rpoBtrnC, rbcL, matK) and the ITS region (ITS1-5.8S rRNA-ITS2) of nuclear ribosomal DNA of 86 Salix species from three sub genera: Salix, Chamaetia, Vetrix, 27 sections and Chosenia arbutifolia. The previous ly recognized genera Chosenia and Toisusu merged with Salix. The divergence of spe cies in the Salix genus (according to ITS and cpDNA data) was very low. In most spe cies from Chamaetia and Vetrix subgenera, the sequences differed by several sub stitutionsorwereidentical.Moleculardifferenceswereidentifiedmainlyin spe cies belonging to the subgenus Salix in its previous broad meaning. ITSphy lo genygenerallyagreeswiththemost-recentinfragenericclassificationof Salix: the isolation of subgenera Pleuradenia, Chosenia, Salix (for exception sect. Triand rae), Longifoliae has been well supported, but the isolation of subgenera Protitea and Chamaetia is not supported. Relationships between the subgenera Chamaetia and Vetrix remain unresolved. High similarity of the plastid and nuclear genomes re vealed in the majority of Salix species included in the analysis may indicate that they have relatively recently diverged from a common ancestor or there is a result of lineage sorting through hybridization. (petG-trnP, petN-psbM, psaA-ycf3, psbM-trnD, rpoB-trnC, trnC-petN, trnD-trnT, trnS-psbZ, rbcL, matK) 
shrubby and dwarf willows that were included in the sub ge nus Chamaetia. One hundred and thirtyfive species are in dicated for the former Soviet Union (Skvortsov 1968) . Accor ding to our sources, more than 70 species, including Sa lix arbutifolia Pall. and S. cardiophylla Trautv. et C.A. Mey., are found in the Russian Far East. In a monographic treat ment of the Far East willows (Nedoluzhko 1995a) , the latter two species were assigned to the genus Chosenia Na kai and genus Toisusu Kimura, respectively. Four new spe cies have recently been described by Barkalov (2012) : Salix woroschilovii Bar ka lov (Southern SikhoteAlin), S. moczalovae Barkalov and S. olaënsis Barkalov (Kolyma Upland) , S. schmidtiana Bar ka lov (Northern Sakhalin).
Classification schemes pertaining to the genus Salix cha rac terized by dioeciousness, considerable variability in the morphology, diversity of life forms and habitats, still remain cont roversial at both generic and infrageneric levels (Chen et al. 2008) . Skvortsov (1966 Skvortsov ( , 1968 justifies the position of re cognizing Chosenia as a separate genus; however, he also assumes that it can be classified as a subgenus of the genus Sa lix, taking into account its significant similarity with wil lows, primarily with the East Asian S. cardiophylla from the sec tion Urbanianae (in terms of the structure of buds and re productive organs) and members of the American section Lon gifoliae (in terms of similar anatomical structure of the leaf ). The main differences between Chosenia and willows are identified in the anatomy of wood (characterized by ho mo geneous rays) and windpollination, which is a feature of poplars, but these features in Chosenia are a secondary acqui si tion (Skvortsov 1966) . Reduction of nectaries (glands) in Cho senia can probably be attributed to the transition to wind pollination. The East Asian oligotypic genus Toisusu was assigned by Skvortsov (1968) to the genus Salix and was placed into the section Urbanianae of the subgenus Sa lix. Kimura (1931) described Salix kamikotica Kimura (= x Toisochosenia kamikotica (Kimura) Kimura : Kimura 1937) , which is a natural intergeneric hybrid of Toisusu and Cho se nia. He subsequently identified rudimentary nectaries in fertile catkins in the Chosenia specimen from northeast Chi na and proposed the name of C. macrolepis Turcz. mstr. adenantha Kimura for this anomalous form (Kimura 1938) . Subsequently Kimura (1988) made a combination at the form level, but in the Salix genus -S. arbutifolia Pall. f. adenantha (Kimura) Kimura, which he regarded as an intermediate between Chosenia and Salix. Based on the existence of a natural hybrid and the specified form, Ki mu ra (1988) reduced the status of Chosenia to the rank of a sec tion with the identical name (sect. Chosenia) and placed it in the subgenus Pleuradenia in the genus Salix, which had pre viously been identified by him. Skvortsov (1968) subdivided the genus Salix within the boundaries of the Eurasia region into three subgenera: Sa lix, Chamaetia, and Vetrix, which, in turn, were divided into a number of sections. Chao et al. (1998 Chao et al. ( , 2010 , in addi tion to Chosenia and Salix, recognized Pleiarina Raf. (= Opo dix Raf., Lim & Carvalho 2013) to be a separate genus comp ri sing all Salix species with multistaminate flowers. In the "Flo ra of China" Fang et al. (1999) subdivided the genus Salix into 37 sections without distinguishing subgenera and con sidered Chosenia to be a genus in the family Salicaceae. Based on the results of the cladistic analysis, Chen et al. (2008) proposed to split the genus Salix into three sub ge ne ra, namely, Chosenia, Salix, and Vetrix.
The recent moleculargenetic studies have revealed a num ber of incongruities with respect to the conventional clas sification of Salix at the infrageneric level, which is based pri marily on morphological features (e.g., Skvortsov 1968 , Dorn 1976 , Kimura 1988 , Argus 1997 . There are ve ry few works focused on phylogeny of Salix, among them: Leskinen & AlströmRapoport (1999) , Azuma et al. (2000) , Chen et al. (2010) , , Abdollahzadeh et al. (2011) . It should be noted that in comparison to other groups of flowering plants the number of species belonging to this genus included in the studies is insignificant.
Based on variability of sequences in the ITS region of nuc lear DNA ribosomal operon, Leskinen & AlströmRa po port (1999) reconstructed for the first time the tentative phy logenetic relationships of 18 taxa of the Salicaceae family, in cluding Chosenia and a few members of Salix subgenera. The study by Leskinen & AlströmRapoport demonstrated that sequence divergence in the ITS region and the number of phylogenetically informative sites were very low in Sa li ca ceae family, especially among Salix and Chosenia species. Spe cimens of Chosenia and Salix formed a wellsupported mo nophyletic group; however, their ITS sequences give no clear support to any specific affiliation of Chosenia arbu ti folia (re ferred to as C. bracteosa (Turcz. ex Trautv.) Nakai) within Salix. It is necessary to clarify the definitions of voucher specimens of "Chosenia" because when attempts to use ITS sequences of Chosenia from the GenBank (Leskinen & Alström Rapoport data) in our analysis were made, both spe cimens in the MPtree grouped with S. rorida Laksch. (BP 62 %) rather than with S. arbutifolia. Based on the MPanalysis of nucleotide sequences of the cpDNA rbcL gene, Azuma et al. (2000) demonstrated that species from three typically recognized genera -Chosenia, Salix and Toisusu -form a monophyletic group. Based on the results of analysis of three cpDNA markers (rbcL, trnD-trnT, atpB-rbcL) , Chen et al. (2010) included Chosenia in Salix at the rank of subgene ric level and proposed to subdivide the genus Salix s.l. into four subgenera: Triandrae, Salix (without sections Triandrae and Ur ba nianae), Chosenia (including section Urbanianae), and Vet rix, which combines the species from the previously es tab lished subgenera Vetrix and Chamaetia. The data obtained by Chen et al. (2010) did not support the opinion of Chao et al. (1998) concerning the recognition of Pleiarina as a se pa rate genus. The results of the study conducted by based on the comparison of the sequences of the cpDNA matK gene and the ITS region partly supported the mostrecent infrageneric classification proposed by Argus (2010) . The research by Abdollahzadeh et al. (2011) was main ly focused on establishing the relationships between the Iranian species of Salix by using sequences of the ITS and trnL -F region of cpDNA.
Today, there are two extensive regional monographic treat ments based on contemporary approaches to in fra generic classification of Salix: by willows from Japan (Oha shi 2001) and North America (Argus 1997 (Argus , 2010 . Oha Phylogenetic analysis of the Far Eastern Salix.
shi accepts the broad concept with respect to the genus Sa lix, relying on the data on pollen morphology (Sohma 1993) , the results of molecular analysis (Leskinen & Alst römRapoport 1999 , Azuma et al. 2000 , and the novel eva luation of morphological features. He divided Salix in Ja pan into six subgenera: Pleuradenia, Chosenia, Protitea, Cha maetia, Salix, and Vetrix. Ohashi included the section Urba nianae in the subgenus Pleuradenia, and sections Flo ri danae, Humboldtianae, Tetraspermae, Wilsonia from the subgenus Salix in the subgenus Protitea. Based on the phe netic study of species widespread in the New World, Ar gus (1997) proposed a new classification of Salix at the sub generic and sectional levels, which differed from the scheme previously proposed by Skvortsov (1968) in terms of details. For the sake of completeness of the data, this author included a number of species representing close Euro pean or Asian sections of Salix, as well as the genus Cho senia, in the study. He regarded the American section Lon gifoliae as an independent subgenus: Salix subgen. Lon gi foliae (Andersson) Argus. The sections Humboldtianae and Flo ridanae were placed by Argus (2010) in the subgenus Pro ti tea, which had previously been included in the subgenus Salix by Skvortsov (1968) .
Thus, the molecular studies have demonstrated the mo nophyly for the genera Toisusu, Salix, and Chosenia. How ever, the evolutionary relationships within the Sa lix s.l. still remain highly controversial. High degree of individual variability and broad development of hybridi za tion processes are the typical features of willows. Apparent ly, this fact is a major obstacle on the way to estab li shing phylogenetic relationships in the genus at both mor pho lo gical and molecular levels. The aim of our study was to reveal the relationships between the Far Eastern Salix spe cies and their position in the modern system of genera based on a comparative analysis of sequences of ten regions of chloroplast DNA (cpDNA; psaAycf3, trnSpsbZ, rbcL, matK) and the ITS region (ITS1-5.8S rRNA gene-ITS) of the nuclear ribosomal DNA (nrDNA), and to develop the infrageneric classification of Salix.
M A T E R I A l S A N D M E T h o D S

Taxon sampling
The specimens were taken from natural populations in diff erent regions of the Russian Far East. The list of species used in this study is outlined in Appendix I. All voucher spe cimens are deposited at the Regional Herbarium of the In stitute of Biology and Soil Science, Vladivostok (VLA). The authors of taxa were indicated on the International Plant Names Index (IPNI) database (http://www.ipni.org/ ipni/authorssearchpage.do).
DNA isolation, amplification, and sequencing
Total genomic DNA was extracted from silicadried leaves using DNeasy Plant Mini Kits (Qiagen, Hilden, Ger ma ny), following the manufacturer's instructions.
The ITS region (ITS1-5.8S rRNA gene-ITS2) of the nrDNA and ten plastid regions (petG-trnP, petN-psbM, psaA-ycf3, psbM-trnD, rpoB-trnC, trnC-petN, trnD-trnT, trnS-psbZ, rbcL and matK) were amplified using the poly me rase chain reaction (PCR). The previously published pri mer pairs (Table 1) and recommended PCR parameters (Les ki nen & AlströmRapaport 1999, Mir et al. 2010 , Ham zaBabiker et al. 2009 , Huang et al. 2002 , Shaw et al. 2005 were used to amplify these regions. Amplification and sequencing reactions were carried out in a GeneAmp PCR System 9700 thermal cycler (Applied Biosystems, USA). Product size and concentration were estimated by aga rose gel electrophoresis.
The PCR products were sequenced using a BigDye ter mi nator v.3.1 sequencing standard kit (Applied Biosystems, USA). Sequencing was carried out in both directions under cyclic sequencing conditions described by Leskinen & Alst römRapaport (1999) for the ITS region of nrDNA and Shaw et al. (2005) for cpDNA regions using the same primer pairs that were used for amplification. In addition, internal primers were used for sequencing of the trnD-trnT and the rpoB-trnC IGS ( Table 1 ). The sequences were analyzed on an ABI 3130 sequencer (Applied Biosystems, USA).
Sequence alignment and phylogenetic analysis
All sequences were assembled using the Staden Package v. 1.4 (Bonfield et al. 1995) and aligned manually using the SeaView program (Galtier et al. 1996) . Three datasets were generated: matrix containing data from all ten cpDNA re gions of Far Eastern Salix species; matrix containing data from the ITS and cpDNA of Far Eastern Salix species; and mat rix containing data from ITS region of Far Eastern Salix spe cies and thirty accessions from the EMBL/GenBank data base. The alignments were imported into PAUP 4.0b10 (Swoff ord 2003) and analyzed using maximum parsimony as the optimality criterion (Swofford et al. 1996) . Indels in all datasets were coded as binary characters ba sed on the Simmons & Ochorena (2000) -simple coding op tion, in FastGap 1.2 (Borchsenius 2009) . A heuristic search employing 1,000 random addition sequence re pli cates with tree bisection and reconnection branch swapping was implemented and the strict consensus tree was then calculated from the most parsimonious trees. The robustness of the trees was estimated by bootstrap percentages (BP; Fel sen s tein 1985) using 1,000 replications. BP less than 50 % were not considered and are not shown in the figures 1-3.
R E S u l T S
The petG-trnP, the petN-psbM, the psaA-ycf3, the psbM-trnD, the rpoB-trnC, the trnC-petN, the trnD-trnT, the trnS-psbZ, the rbcL, the matK regions of cpDNA and the ITS region of nrDNA were successfully amplified and se quenced for all taxa. Sequences were deposited in the Euro pean Molecular Biology Laboratory (EMBLBank) and accession numbers for all sequences produced are given in Appendices I and II.
Phylogenetic relationships inferred from combining ten regions containing cpDNA sequences
The sequence characteristics of ten cpDNA regions are summarized in Table 2 . In formativity of cpDNA regions is low. The alignment of the combined ten cpDNA regions in 68 specimens of Far Eastern Salix species and Populus suaveolens Fisch. as an out group, was 6957 characters in length. The data matrix con tained 410 (6 %) variable sites, of which 149 (2 %) were po ten tially parsimony informative (PI). The combined par si mony analysis recovered a singlemost parsimonious tree with the tree length = 539, consistency index (CI) = 0.7755, and the retention index (RI) = 0.7551. The strict con sensus tree is shown in Fig.  1 . The MP analysis produced two unresolved clades. Clade 1 was composed of three acces sions of two species: S. pseudopentandra (Flod.) Flod. and S. pie rotii Miq. from the subgenus Salix (BP 95 %), and clade 2 was composed of 65 accessions of 56 species from different sub genera (BP 88 %). MP analysis was not able to resolve the posi tions of species from subgenera Chamaetia and Vetrix, in clu ding S. cardiophylla (Toisusu) from the subgenus Salix, in clade 2. The topology demonstrates a strongly supported sis ter group relationship between S. arbutifolia (Chosenia) and the remaining taxa (BP 77 %), and S. nipponica Franch. et Sav. was sister to aggregate of S. arbutifolia and all other taxa with high support (BP 88 %).
Phylogenetic relationships inferred from combining ten cpDNA regions and ITS sequences
The length of the ITS region for Salix species with the exception of S. nipponica and S. reticulata L. (621 bp) was 620 bp, and for Populus suaveolens it was 619 bp. The le vel of divergence among Salix species was very low and ranged from 0 to 2.7 %. The ITS sequences for the species of subgenera Chamaetia and Vetrix were either identical or differed only by one or two substitutions (overall mean distance 0.004).
The alignment dataset combining ten cpDNA regions and ITS sequences of Far Eastern Salix species was 7527 characters in length. Among the total characters, 465 (6 %) were variable and 180 of the variable characters were PI. The combined parsimony analysis recovered a singlemost par si mo nious tree with the tree length = 657, CI = 0.7260, and RI = 0.7015. The strict consensus tree is shown in Fig. 2 . The topology of this tree was nearly identical to that of the tree constructed on the basis of MP analysis of the dataset of ten regions of cpDNA sequences. After examining these trees, we noted that topological differences were mostly due to the position of S. cardiophylla. This specimen of S. car dio phylla is sister to a group species from subgenus Chamaetia and subgenus Vetrix (BP 66 %).
Phylogenetic relationships inferred from ITS sequences
The sequences of the ITS region of 72 Far Eastern spe cimens and 29 accessions from the EMBL/GenBank data base of 86 Salix species from three subgenera (Salix, Cha mae tia, Vetrix), 27 sections and one Chosenia (S. arbutifolia) spe cies were used for phylogenetic analysis. The subgenus Sa lix consisted of species from Salix, Salicaster (Pentandrae), Hum boldtianae, Urbanianae, Subalbae, Longifoliae, Triandrae (Amygdalinae), Magnificae, and Wilsonia (Glandulosae) sec tions. Here we use the infrageneric classification of Salix that was proposed by Skvortsov (1968) and was developed on the basis of morphological characteristics. The data matrix with a length of 634 characters con tai ned 101 variable sites, of which 70 were PI. The combined par simony analysis recovered a singlemost parsimonious tree with the tree length = 152, CI = 0.7171, and RI = 0.8365. The strict consensus tree is shown in Fig. 3 . The to pology of the MP phylogenetic tree demonstrates the mo no phyly of the genus Salix with all Salix species forming two clades with a strong statistical support (BP 100 %).
Clade 1 is composed of the accessions of three species from the subgenus Salix (BP 100 %), and clade 2 with mo de rate support is composed of 96 accessions of 82 species (BP 75 % Thus, parsimony analyses of the ITS and cpDNA regions as separate or combined datasets are indistinguishable for many closely related Salix species, and sometimes are not very closely related (from different subgenera, for example, S. pierotii and S. miyabeana). A high level of similarity of the nuclear and plastid genomes of most species from the genus Salix may be regarded as an indication of their relatively recent divergence from a common ancestor, high level of interspecific hybridization, and the reticulate pattern of evolution typical of the genus (Argus 1997) .
D I S C u S S I o N
The subgenus Salix in the Northern Hemisphere is di vi ded into the following sections: Humboldtianae, Flori da nae, Longifoliae, Salix, Salicaster, Subalbae, Triandrae, Urba nia nae, and Wilsonia (Skvortsov 1968 , Dorn 1976 , Argus 1997 . Skvortsov (1968) viewed the section Humboldtianae rather broadly and included the Asian sections Tetraspermae An dersson and Acmophyllae Andersson therein. This sec tion is distributed over the Old and the New World, over tro pical, subtropical and partly over warmtemperate re gions. Argus (1986) has earlier placed S. floridana from the mo notypical American section Floridanae in the section Hum bold tianae under an assumption that its immediate re la tives may belong to the Tetraspermae section from the Old World. In our study, the section Humboldtianae s.l. is re pre sented by five species: S. amygdaloides Andersson, S. good din gii C.R. Ball, S. humboldtiana Willd., S. acmophylla, and S. floridana. According to the results of the ITS data analysis (Fig. 3) , this section in the sense adopted here is not mono phy letic. In the phylogenetic tree, species belonging to the sec tion Humboltianae are appeared in two sister clades: S. amyg daloides, S. gooddingii, and S. humboldtiana form a wellsupported first clade (BP 100 %), while S. acmophylla and S. floridana are placed in the second clade (BP 75 %) along with the other Salix species included in the analysis, and are grouped into a single cluster (BP 79 %) with species from the sections Salix and Salicaster. Results of the matK based phylogeny do not provide strong sup port for placing S. floridana in the section Humboldtianae too. The position of this species remains unresolved in their phylogenetic tree. Argus (1997) has previously revealed phenetic similarity of S. floridana and S. tetrasperma Roxb., but he considered that it was rather distant. Following Dorn (1976) , he left the sections Floridanae and Humboldtianae in the subgenus Salix.
In his later work, Argus (2010) Figure 1 Strict consensus tree constructed from MP analysis of the ten cpDNA regions sequences Salix species with Populus species as outgroups. Bootstrap percentages greater than 50 % are displayed on the branches. The subgenera are given according to Skvortsov (1968) Figure 2 Strict consensus tree constructed from MP analysis of combined the ten of cpDNA regions and ITS of nrDNAsequences Salix species with Populus species as outgroups. Bootstrap percentages greater than 50 % are displayed on the branches. The subgenera are given according to Skvortsov (1968) Barkalov & Kozyrenko Figure 3 Strict consensus tree of 1000 equally parsimonious trees constructed from MP analysis of 101 ITS sequences Salix species with Populus species as outgroups. Bootstrap percentages greater than 50 % are displayed on the branches. Asterisks denote the sequences obtained from GenBank. The subgenera are given according to Skvortsov (1968) ge nus Protitea. Earlier, Skvortsov (1968) considered the sec tion Wilsonia (referred to as sect. Glandulosae) in the sub genus Salix and highlighted its clear connection with the sections Humboldtianae and Salicaster (referred to as sect. Pentandrae). The relationship between these sections was confirmed using the analysis based on rbcL sequencing (Azuma et al. 2000 , Chen et al. 2010 . According to the re sults of molecular studies (Azuma et al. 2000 , Chen et al. 2010 , species assigned to the subgenus Protitea (S. amygdaloides, S. gooddingii, S. hum bold tiana, S. floridana, S. tetrasperma, S. acmophylla, and S. chaenomeloides) (Ohashi 2001 , Argus 2010 , appear in va rious clusters or clades, attesting to its polyphyletic nature. Accor ding to Ohashi (2000 Ohashi ( , 2001 , Asian S. glandulosa Seemen (= S. chaenomeloides Kimura), whose genetic rela tion ships remained unresolved in our study, is the type spe cies of this subgenus. In the rbcLphylogeny (Azuma et al. 2000 , Chen et al. 2010 , the S. chaenomeloides is placed in the same cluster along the species of the subgenus Sa lix s.l., demonstrating the resemblance to the Asian S. tetrasperma (sect. Humboldtianae) and African S. mucronata Thunb.
(sect. Octandrae Andersson). In our phylogenetic tree, which is based on the ITS data, the subgenus Protitea cor res ponds to a small group of American species from the sec tion Humboldtianae found in the first clade (Fig. 3) . The fur ther studies are to be conducted for the taxonomic status of the subgenus Protitea using a larger number of species and/or molecular markers other than ITS. The natural habitat of S. acmophylla is entirely confined to the arid continental areas of Asia, from the Middle East to northern India, including Turkey, Iran, Afghanistan, and Taji kistan (Skvortsov 1968) . Nasarow (1936) regarded S. ac mo phylla as a part of the special section Acmophyllae and noted that it hybridizes with S. alba. Abdollahzadeh et al. (2011) found several polymorphic sites in the ITS region of nuclear DNA in S. acmophylla and suggested that it was of hybrid origin, one of its parental species could have been S. al ba. In the phylogenetic tree obtained by us (Fig. 3) , both of these species form a moderately supported branch (BP 58 %), which could support this opinion. In the matKbased phy logeny , S. acmophylla is grouped in the same cluster with species of the subgenera Vetrix and Cha maetia, whose relationships remain unresolved.
According to certain morphological characteristics (shape and internal structure of the buds, shape of stipules, the pale color of floral bracts deciduous after flowering in fe male flowers), S. fragilis belonging to a small section of Sa lix is close to S. pentandra from the section Salicaster, which attests to the relationship between the two sections (Skvort sov 1968). Male flowers of S. fragilis and its close re la tive S. alba normally contain two stamens, but as noted by Skvortsov, there occasionally occur specimens with multistaminate flowers (up to four or eight stamens). Accor ding to his opinion, multistaminal characteristic should pro bably be regarded as a genuine atavism, which also speaks in favor of the close relationship between the sections Sa lix and Salicaster. In the phylogenetic tree obtained by us (Fig. 3) , the species of both sections are grouped in the same cluster with a relatively high statistical support (BP 77 %), which also confirms their relationship at the genetic le vel. The same results were obtained in studies by Leskinen & AlströmRapoport (1999) , which were based on the ITS data, and in studies by Abdollahzadeh et al. (2011) , which were based on the trnLF data.
The section Salicaster contains two welldistinguished groups that can be regarded as subsections (Skvortsov 1968) . In addition to S. pentandra and S. pseudopentandra, the first group, includes species that are closely related to them, namely, Chinese S. paraplesia C.K. Schneid. and the North American S. serissima (L.H. Bailey) Fernald. The second group comprises two or three North American bo real species: S. lucida, S. lasiandra Benth., and S. caudata Heller. Argus (2010) considered the latter species to have the variant rank: S. lasiandra var. caudata (Nutt.) Sudw. In our analysis, S. lucida occupies a special position in the clus ter as compared to two other species in the section, S. pentandra and S. pseudopentandra (Fig. 3) . This fact to some extent supports the view of intrasectional division of Salicaster proposed by Skvortsov. In the analysis based on the rbcL data (Chen et al. 2010) , species of the section Sali caster appear in two sister clades: S. lucida is grouped in the clade with species from subgenus Salix of the New World, including section Longifoliae; S. pentandra and S. paraplesia are grouped in the clade with the species of the subgenus Salix of the Old World. In the matKbased phy logeny , two samples of S. lucida appear in different clades. The authors attributed this to the chloro plast capture effect during hybridization with other Sa lix species. Skvortsov (1968) did not agree with the attempts to split the subgenus Salix into smaller subgenera, but noted the most isolated position of two sections there: the East Asi an Urbanianae and American Longifoliae. The section Urba nia nae with its extremely primitive structure of the flower (stamens or stipe of ovary fused with floral bract, resembling the flowers of Populus) was often regarded as a separate genus Toisusu different from the genus Salix (Kimura 1928 , Ohwi 1965 , Zhang 1994 , Nedoluzhko 1995a , 1995b or was included in the subgenus Pleuradenia of the genus Salix (Ki mu ra 1988, Ohashi 2001) . In addition, the species from this section are characterized by the following features: budscales with distinct, overlapping margins, pen dulous flo wering catkins with a thin flexible rachis, 5-10 stamens, two trasventrally located adaxial nectaries and one abaxial nec tary, floral bracts deciduous in the pistillate flowers after flowering, branches of the style together with stigmas de ci duous prior to the period of fruiting. According to the ana lysis of the ITS data, S. cardiophylla belonging to the sec tion Urbanianae, is placed on the same branch with S. arbu tifolia (Chosenia) in the second clade (Fig. 3) with a mo derate statistical support (BP 57 %), which to a certain extent attests to their genetic relationship. The Urbanianae section has not been previously represented in the study based on the ITS data.
In terms of flower structure, style deciduous to the pe riod of capsule maturation, bud structure, anatomical struc ture of the leaf, and bark features, the former genus Cho senia demonstrates similarities with Salix (the sections Longi foliae, Triandrae, Urbanianae). According to the data ob tained by Nedoluzhko (1995b) , fruits of S. cardiophylla (Toi susu) over the entire area of its distribution in Russia con tain four seeds. This feature is also characteristic of S. ar bu ti folia (Chosenia) and species belonging to the sections Tetra spermae and Floridanae from the subgenus Salix, which may be indicative of close genetic relationships between the above mentioned taxa. Ohashi (2001) lowered the genus Cho senia to the rank of subgenus: Salix subgen. Chosenia, and the former genus Toisusu, followed by Kimura (1988) , inclu ded in the subgenus Pleuradenia of the Salix genus. He believed that the subgenus Chosenia was closer to the subgenus Salix than the subgenus Pleuradenia as the ab nor mal form -S. arbutifolia f. adenantha -may be indicative of recent divergence of Chosenia from Salix with the loss of nectaries. According to Skvortsov (1966) , Chosenia became iso lated after the separation of willows and poplars and has evolved from a certain trunk part of primitive willows; wind pollination is the secondary acquired characteristic. There is an opinion based on the data from matK and ITS sequen cing that Chosenia is a morphologically divergent part of the Salix subgen. Vetrix (Brunsfeld & Antilla 2004) . Perhaps there is some truth to this notion; however, further evidence is required to adopt or refute this hypothesis. Narrow con fine ment to the alluvial deposits of the middle flow rate of the mountain rivers and wind pollination enabled Chosenia to spread far to the north, to the permafrost areas up to Chukotka.
Accepting the subgenus Pleuradenia with a single poly morphic species S. cardiophylla, Ohashi (2001) relied ex clu sively on the general morphology and considered this sub genus to be more primitive in the genus Salix than the sub genus Chosenia. Based on the data obtained by analyzing cpDNA, Chen et al. (2010) also considered that Chosenia had a rank of subgenus, but as opposed to Ohashi, they placed the section Urbanianae containing S. cardiophylla in it. Chao (1996) included three very similar species, S. car dio phylla, S. maximowiczii Kom. and S. urbaniana Seemen, in the genus Chosenia and proposed new nomenclatural com binations for them. However, this was not adopted in the 'Flora of China' (Fang et al. 1999 ). As noted above, S. car diophylla and S. arbutifolia representing the previously re cog nized genera (Toisusu and Chosenia, respectively) are grouped on the same branch of the MPtree, but with a mo de rate statistical support. Taking into account the significant diff erences in morphology between Toisusu and Chosenia as well as with other Salix species, they should be recognized as the subgenera -Salix subgen. Pleuradenia and Salix subgen, Cho senia, respectively, as it was adopted in the classification scheme proposed by Ohashi (2001) .
The American section Longifoliae adapted to the arid cli mate occupies a special position in the subgenus Salix. It is the only section that retained the primitive structure of the flower (but the number of stamens is reduced to two), bi lateral, chlorophylldeficient, onelayer hypodermis in struc ture of the leaf similar to that in Chosenia and Populus sub gen. Turanga, and the ability to form root shoots re semble to poplars (Skvortsov 1968) . Such an important feature as branching catkins that has been noted as a characteristic fea ture exclusively for the aforementioned section (Argus 1997) was also observed by Barkalov in male plants of Asian spe cies belonging to the subgenus Vetrix -S. abscondita Laksch. (Fig. 4) , S. caprea L. and S. integra. In this case, it should presumably be regarded as an atavism.
In the rbcLphylogeny (Azuma et al. 2000 , Chen et al. 2010 , the species from the section Longifoliae were placed in the same cluster with the American representatives of the sections Humboldtianae, Floridanae, Maccalianae, and Salicaster from the subgenus Salix, but on a separate branch. Some biological (Mosseler 1989 (Mosseler , 1990 ) and bio che mical (Chong et al. 1995) features are indicative of ge ne tic relationship between the section Longifoliae and the subgenus Vetrix. Species from the section Longifoliae (S. exi gua, S. interior, S. melanopsis, S. taxifolia) included in our analysis form an unresolved group (Fig. 3) with high statistical support (BP 77 %). The results of the ITSphy lo geny (Leskinen & AlströmRapoport 1999 indicate the naturalness of this group of willows and are consistent with the opinion of Argus (1997) , who raised section Longifoliae to subgenus levelSalix subgen. Longifoliae.
Salix triandra and S. nipponica included in the analysis in this study belong to the small Eurasian section Triandrae. Skvort sov (1968) assigned the rank of subspecies to S. nip po nica -S. triandra subsp. nipponica (Franch.) A.K. Skvort sov; while Ohashi (2001) included it in a number of syno nyms of S. triandra. In our study, the ITS sequences of these species differ from each other in terms of two C↔T substitutions in the ITS1 region. Furthermore, only the diploid chromosome number 2n = 38 has been identified for S. nipponica (Suda 1958 as S. subfragilis Andersson, Pro ba tova et al. 2011), whereas the tetraploid number with 2n = 76 has been identified for S. triandra. Chen et al. (2010) pro posed to isolate the section Triandrae and proclaim it to be a special subgenus based on the comparative analysis of the sequences of three cpDNA regions and the available data obtained in morphological, biochemical and genetic stu dies of others authors. In our MPtree, S. nipponica and two samples of S. triandra form a separate branch in the clade 2 among most species included in the analysis (Fig. 3) , but with a relatively low statistical support (BP 55 %). The po Phylogenetic analysis of the Far Eastern Salix. si tion of S. triandra in the genus Salix has not been resolved in the genetic research conducted by Leskinen & Alström Ra po port (1999) and HamzaBabiker et al. (2009) . In the study performed by Azuma et al. (2000) , S. nipponica (re fer red to as S. subfragilis) was grouped in the same clade along with Chosenia, Toisusu and species from the subgenera Cha maetia and Vetrix, but in the sister position. The same situa tion can be observed for S. triandra in the results ob tained by Chen et al. (2010) . The study of relationships in the genus Salix using AFLP (amplified fragment length po ly morphism) (Trybush et al. 2008 ) demonstrated that the ge netic similarity between S. triandra and the subgenera Sa lix and Vetrix was identical.
Species belonging to the section Triandrae differ from other willows mainly by the bark of old trees, which re sembles the bark of Chosenia. Furthermore, they have spe cial structure of anthers: both anther bags face forward rather than sideward (Skvortsov 1968) . Sometimes short fer ru ginous hair are involved in indumentums of young shoots, stems, leaves and bracts in S. nipponica, which was ob served in S. pierotii from the subgenus Salix, as well as in S. caprea, S. divaricata Pall., S. fuscescens Andersson, S. has tata L., S. integra, S. vulpina Andersson from the sub genus Vetrix. In S. triandra and S. nipponica, flowers ty pi cally have three stamens, but there are also specimens with two, four or five stamens (Fang et al. 1999 , Ohashi 2001 . The abovementioned characteristics presumably result from hybridization with species belonging to the other Salix groups during the evolution of the group. Molecular stu dies have demonstrated that based on the requirements of monophyly, the section Triandrae representing the xero mor phic line of Salix evolution should nominally be made re garded as a separate subgenus. However, further research with larger amount of data is required.
Certain representatives of the sections belonging to the sub genus Vetrix form separate branches in the MPtree; less frequently they are grouped with species from another sub ge nus. Thus, S. miyabeana from the section Helix of the sub ge nus Vetrix and S. pierotii from the section Subalbae of the subgenus Salix form a sister pair (BP 85 %, Fig. 3 ). The East Asian section Subalbae, in addition to S. pierotii, in cludes S. jessoënsis Seemen, S. eriocarpa Franch. et Sav., S. mat sudana Koidz., and S. babylonica L. (Ohashi 2001) ; among which two species -S. pierotii and S. matsudana (= S. ba by lonica L.: Liu et al. 2012 ) -were included in our analysis. Likewise, the results of phenetic analysis (Argus 1997) sup port neither the isolation of the section Subalbae (e.g., Skvort sov 1968 , Dorn 1976 , Zhang 1994 , Ohashi 2001 nor its inclusion in the section Salix (e.g., Wang & Fang 1984 , Fang et al. 1999 . According to rbcL sequencing data, S. babylonica belonging to the section Subalbae is located in the same cluster along with S. alba from the section Salix and S. pentandra from the section Salicaster (Azuma et al. 2000 , Chen et al. 2010 . In our study, which was based on the ITS data, genetic relationships between S. pierotii and S. matsudana belonging to the section Subalbae remained un resolved. Therefore, molecular studies provide a clear pic ture neither for the taxonomic status of the section Subalbae nor for its position in the subgenus Salix. Skvortsov (1968) has noted that the genetic relationships of predominantly Eurasian section Helix are very problematic. Accor ding to his opinion, this section has a number of pri mi tive (for willows) characteristics: flat crenulated leaves, short sta mens, small bracts covered with short hair from the inside, and the presence of large trees among a number of species, and the southern habitat in general. Based on these facts, di rect relationship with the subgenus Salix can be assumed (e.g., with the section Subalbae); however, most Helix species are characterized by many advanced features as well (lack of hy po dermis in leaves, black color of bract scales, presence of one nectary only, frequently observed bright yellow color of the phloem). According to the results of the comparative sequence analysis of ten cpDNA regions, S. pierotii (sect. Sub albae) and two specimens of S. pseudopentandra (sect. Sali cas ter) form clade 1 with high statistical support (BI 95 %), and S. miyabeana is grouped in clade 2 along with species be lon ging to the subgenera Chamaetia and Vetrix (Fig. 1) . These da ta do not support the relationship between the sections Subalbae and Helix.
According to the results of the chloroplast and the ITS ana lysis, two species from the subgenus Vetrix -S. alaxensis and S. krylovii, which are placed in the section Villosae (Skvort sov 1968 , Bolshakov 1992 , Nedoluzhko 1995a ), -are not grouped together (Figs. 1-3) . According to the ITS data (Fig. 3) , two specimens of S. alaxensis form an in de pendent branch, while S. krylovii is grouped with spe cies belonging to the section Viminella, S. dasyclados and S. viminalis, and section Helix -S. integra, but with a relatively low statistical support (BP 61%). Skvortsov (1968) highlights the undeniable genetic relationship of the section Villosae with the section Viminella (referred to as sect. Vimen) and the tentative relationships with the sec tions Canae and Lanatae. He placed North American spe cies S. candida Flügge ex Willd., which is closely related to the Asian S. krylovii, in the section Villosae. Argus (1997) con si dered S. candida and S. krylovii to belong to the section Candidae. He left S. alaxensis in the section Villosae. Phe netic analysis conducted by this author demonstrated close resemblance of the section Villosae with the sections La natae and Candidae and only distantly with Viminella or Canae. However, in addition to a long thin style, S. alaxensis is characterized by such an important morphological fea ture as extended petioles that are swollen by the end of growing season. These features occur in S. dasyclados and S. schwe ri nii E.L. Wolf (sect. Viminella), and in S. gracilistyla Miq. (sect. Subviminales). The data of the phylogenetic analysis conducted by us support the Argus' view (1997) regarding the isolation of the section Candidae and indicate its rela tionship with the section Viminella.
The subgenus Salix is particularly rich in taxonomic problems because it is defined by different subset of ancest ral characters . As it was justly noted by Skvortsov (1968: 76) , "a significant discrepancy between the in dividual types therein can be identified, and it is difficult to single out any particular type that would be the most pri mi tive in all respects: certain sections are more primitive with respect to some features, others -with respect to other features". The phylogenetic analysis based on the ITS data lar gely supports the current classification schemes of the ge nus Salix at the subgeneric level (e.g., Ohashi 2001 , Argus 2010 , except for the subgenera Protitea and Chamaetia. Iso la tion of the subgenera Pleuradenia, Chosenia, Salix (without sect. Triandrae), and Longifoliae has been supported well. The inclusion of Chosenia and Toisusu as subgenera into the genus Salix renders it more natural. The appearance of the individual branches in the phylogenetic tree with the re presentatives belonging to the subgenus Vetrix, mainly in valley habitats, can be explained by crossing of the breeding lines through hybridization with the species from the subgenus Salix. Molecular and genetic studies do not sup port any of the other subdivisions within Salix at the subgenus level. Distinctions of the subgenera Longifoliae and Triandrae from the subgenus Salix only emphasize their fea tures as natural groups of willows corresponding to the conditions of the environment in which they have evolved.
C o N C l u S I o N S
The comparative analysis of chloroplast DNA and the ITS region of nuclear DNA ribosomal operon enabled revealing the molecular differences mostly in species belonging to the subgenus Salix in its earlier broad meaning. The genera Cho se nia and Toisusu exhibit close genetic relationships and are in cluded in the genus Salix. High similarity of the plastid and nuclear genomes characteristic of most species belonging to the genus Salix included in the analysis can attest to the fact that they have relatively recently diverged from a com mon ancestor or there is result of lineage sorting through hyb ridization. None of the molecular and genetic studies per for med provided support for the isolation of the subgenus Cha mae tia. Further research involving larger number of species, espe cially those from southwest China and the Himalayas, and/or other molecular markers is required to improve the classification of Salix. 
A C k N o w l E D E g M E N T S
l I T E R A T u R E C I T E D
Appendix 2. GenBank accession numbers of specimens used for ITS and chloroplast DNA sequences. Voucher specimens are given in Appendix I. 
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